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Description 

[0001] The present invention relates to a process for producing trehalose and sugar alcohols, more particularly, to 
a process for producing trehalose and/or sugar alcohols from a mixture of hydrogenated saccharides containing tre- 
5 halose and sugar alcohols selected from the group consisting of sorbitol, maltitol, and maltotriitol; and to a process for 
separating trehalose and sugar alcohols. 

[0002] Trehalose, a non-reducing disaccharide composed of two glucose molecules bound at their reducing groups, 
is widely distributed in nature; bacteria, fungus, algae, and insects. Comparing with sucrose as a representative sweet- 
ener, trehalose is much more stable than sucrose and is superior to sucrose on sweetening quality and mildness. Thus, 
10 trehalose are now being highly required as a substitute of sucrose in the fields of foods, cosmetics, and pharmaceutical 
industries. 

[0003] There exist two different types of methods for producing trehalose when classified on materials; the first meth- 
od is one which comprises contacting starch or partial starch hydrolysates thereof with a non-reducing saccharide 
forming enzyme and a trehalose-releasing enzyme as disclosed in Japanese Patent Kokai Nos. 143,876/95 and 

15 213,283/95 applied by the same applicant as the present invention, and the second method is one which comprises 
contacting maltose with a maltose/trehalose converting enzyme as disclosed in Japanese Patent Kokai No. 1 70,977/95 
applied by the same applicant as the present invention. The second method has the greatest merit that it easily produces 
trehalose with only a single enzyme if only the material maltose is in hand. In addition, such an enzymatic reaction is 
an equilibrium reaction, and this results in a formation of a saccharide mixture rich in both trehalose as a reaction 

20 product and maltose as a substrate. 

[0004] However, no industrial and beneficial operation method for separating trehalose from such a saccharide mix- 
ture has been established. Even column chromatographies, used most effectively to separate saccharides, could not 
separate trehalose and maltose having the same molecular weight as trehalose due to the fact that most of the column 
chromatographies are to separate saccharides based on molecular differences in saccharides. 

25 [0005] The above saccharide composition is a mixture of non-reducing and reducing saccharides, and this greatly 
lowers the utility value. As described above, the method using a maltose/trehalose converting enzyme has not yet 
actually been used as a method for producing trehalose or saccharide mixtures containing trehalose even if the method 
has an advantage that it produces trehalose with only a single enzyme. 

[0006] The present inventors continued studying to improve the utility value of the above saccharide composition 
30 containing non-reducing and reducing saccharides. As a result, they found that when such saccharide mixtures are 
subjected to hydrogenation reaction under specific conditions, such reducing saccharides including maltose are effec- 
tively converted into sugar alcohols including maltitol without substantially decomposing trehalose as a non-reducing 
saccharide in the mixtures, resulting in producing a highly-useful saccharide in a relatively-high yield. Based on the 
finding, the present inventors established saccharides with lesser reducibility, its preparation and uses, and they dis- 
35 closed them in Japanese Patent Kokai No. 73,482/96. Thus, it can be said that one of the problems residing in the 
method using a maltose/trehalose converting enzyme was overcome. 

[0007] The method as disclosed in the above publication does aim at improving the utility value of the saccharide 
mixtures containing trehalose and reducing saccharides such as maltose, but does not aim at separating and producing 
useful saccharides including trehalose. For this reason, it is expected that the establishment of a process for producing 

40 trehalose from hydrogenated saccharide mixtures, which contain trehalose and sugar alcohols and are obtainable by 
the method disclosed in the above publication, would explore the way for an industrial production of trehalose in which 
a maltose/trehalose converting enzyme is used for producing trehalose. It is also greatly expected that when once 
established a process for producing sugar alcohols from the hydrogenated saccharide mixtures with a relatively-high 
yield, this would give a more effective utility to the method using a maltose/trehalose converting enzyme. 

45 [0008] In view of the foregoing , the first object of the present invention is to provide a process for producing trehalose 
and/or sugar alcohols from hydrogenated saccharide mixtures containing trehalose and sugar alcohols. 
[0009] The second object of the present invention is to provide a means for easily separating trehalose and sugar 
alcohols from hydrogenated saccharide mixtures containing trehalose and sugar alcohols. 

[0010] The present inventors continued studying a process for effectively separating trehalose from hydrogenated 
50 saccharide mixtures containing trehalose and sugar alcohols such as maltitol. As a result, they unexpectedly and 
independently found that column chromatography using strong-acid cation exchange resins easily separates trehalose 
from the aforesaid hydrogenated saccharide mixtures. The fact that maltitol, a hydrogenated compound of maltose 
having approximately the same molecular weight as that of trehalose, can be separated from trehalose by the above 
column chromatography was an unexpected finding that upsets a common sense approved in this field. Based on this, 
55 the present inventors further studied and finally they established a preparation and separation methods that solve the 
above objects. 

[001 1] The present invention attains the first object of the invention by a process for producing trehalose and/or sugar 
alcohols, which comprises the steps of feeding hydrogenated saccharide mixtures containing trehalose and sugar 
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alcohols selected from sorbitol, maltitol, and maltotriitol to column chromatography using strong-acid cation exchange 
resins, and collecting the resulting fractions rich in trehalose and/or sugar alcohols. 

[0012] The present invention solves the second object of the invention by a separation method for trehalose and 
sugar alcohols, which is characterized in that it comprises the steps of feeding hydrogenated saccharide mixtures 
5 containing trehalose and sugar alcohols selected from sorbitol, maltitol, and maltotriitol to column chromatography 
using strong-acid cation exchange resins, and eluting a fraction rich in trehalose and a fraction rich in sugar alcohols 
in this order. 

[001 3] The present invention will be described , by way of example only, with reference to the accompanying drawings 
in which:- 

10 

FIG. 1 is a chromatogram of an analytical result on HPLC using an alkaline-earth metal strong-acid cation exchange 
resin, applied to a saccharide mixture containing trehalose and reducing saccharides including at least maltose. 
FIG. 2 is a chromatogram of an analytical result on HPLC using an alkaline-earth metal strong-acid cation exchange 
resin, applied to a hydrogenated saccharide mixture containing trehalose and sugar alcohols including at least 
15 maltitol. 

[0014] The present process for producing trehalose and/or sugar alcohols has the characters that it comprises the 
steps of feeding hydrogenated saccharide mixtures containing trehalose and sugar alcohols including at least maltitol 
to column chromatography using strong-acid cation exchange resins, and collecting the eluted fractions rich in trehalose 

20 and/or sugar alcohols. The present process might include the step of hydrogenating saccharide mixtures containing 
trehalose and reducing saccharides including at least maltose; In this case, the resulting hydrogenated products can 
be used as hydrogenated saccharide mixtures. Any hydrogenated saccharide mixture can be used in the present 
invention independently of its preparation method and saccharide composition, as long as it contains trehalose and a 
sugar alcohol(s) selected from sorbitol, maltitol, and maltotriitol. Any column chromatography can be used in the present 

25 invention as long as it uses strong-acid cation exchange resins. 

[0015] . The hydrogenated saccharide mixtures are obtainable by providing saccharide mixtures containing trehalose 
and reducing saccharides including at least maltose, and then hydrogenating the saccharide mixtures. The preparation 
for the saccharide mixtures is not specifically restricted, and more particularly the present process is easily applicable 
for the saccharide mixtures obtainable by contacting maltose or partial starch hydrolysates containing maltose with a 

30 maltose/trehalose converting enzyme, and for residual molasses obtainable after separating trehalose crystals from 
the saccharide mixtures. Referring to the maltose/trehalose converting enzyme and uses thereof are disclosed in detail 
in Japanese Patent Kokai Nos. 170,977/95, 263/96, and 149,980/96. In addition to the above saccharide mixtures, 
other saccharide mixtures usable in the present invention include those obtainable by a method, where maltose is 
converted into trehalose by the combination use of maltose- and trehalose-phosphorylases, as disclosed, for example, 

35 in Japanese Patent Kokai No. 216,695/83, and those obtainable by a method, where partial starch hydrolysates are 
contacted with a non-reducing saccharide-forming enzyme and a trehalose-releasing enzyme, as disclosed, for exam- 
ple, in Japanese Patent Nos. 143,876/95 and 213,283/95 applied by the same applicant as the present invention. 
[0016] The hydrogenation method is not specifically restricted, and any method can be used in the present invention 
if only it can add hydrogen atom to aldehyde groups in reducing-saccharide molecules such as glucose, maltose, and 

40 maltotriose without decomposing trehalose in the saccharide mixtures. Examples of the hydrogenation method include 
a method that employs a chemical reduction reaction using sodium boron hydride and lithium aluminum hydride, and 
a method that employs an addition reaction using molecular hydrogen. In particular, the latter reaction conducted in 
the presence of appropriate catalysts, i.e. a method that employs contact hydrogenation is advantageously employed 
in the present invention. Any conventionally used metal-, metal oxide-, metal sulfate-, and metal complex-catalysts 

45 can be arbitrarily used in the present invention as such catalysts. More particularly, Raney catalyst, Urushihara nickel 
catalyst, and/or nickel boride catalyst can be mentioned. Among these catalysts, Raney nickel belonging to Raney 
catalyst has a satisfactorily-high reactivity and can be used satisfactorily. 

[0017] The reaction conditions for the hydrogenation are appropriately chosen depending on the reaction systems 
and the type of catalysts to be used. For example, in the case of catalytic hydrogenation using Raney catalyst, sac- 

50 charide mixtures are usually prepared into syrups with a concentration of 30 w/w % or higher, on a dry solid basis (d. 
s.b.), and preferably 40-75 w/w %, d.s.b., (the wording "w/w %" will be designated as "%" hereinafter, unless specified 
otherwise, and "the syrup concentration of solid content" is designated as "concentration"), followed by adding to the 
resulting mixtures at least one percent of Raney catalyst, and preferably, 2-15%, adjusting a hydrogen pressure of 
1960 000 Pa (20 kg/cm 2 ) or higher, and preferably 7850000-15700000 Pa (80-160 kg/cm 2 ), and increasing the tem- 

55 perature to 80°C or higher, and preferably 90-1 50°C. The reaction apparatus used in the present invention includes 
any types of conventional ones that externally supply gas into tanks and control the pressure and temperature inside 
of the tanks to a desired level, and any batch-wise and continuous-type apparatuses can be arbitrarily used. Stirring- 
operable apparatuses can be satisfactorily used to accelerate reaction rate. The reaction systems under these condi- 
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tions effectively promote hydrogenation of reducing saccharides such as glucose, maltose, and maltotriose without 
substantially decomposing trehalose. Because of this, the systems are most advantageously used in the present in- 
vention. In such conditions, the reducing saccharides in the saccharide mixtures are not substantially decomposed 
while their aldehyde groups are hydrogenated, resulting in effectively yielding sugar alcohols as useful saccharides as 
5 a merit. 

[0018] Thus, hydrogenated saccharide mixtures, containing trehalose and sugar alcohols selected from sorbitol, 
maltitol, and maltotriitol, are obtained. The percentage (%) of each saccharide to solid contents in the hydrogenated 
saccharide mixtures (hereinafter, the percentage (%) of each saccharide to solid contents means "content" or "purity" 
thereof) is not specifically restricted, and usually the contents of trehalose and sugar alcohols are respectively 1 0-80% 

10 and 20-90%, and more preferably 30-80% and 20-70%, which are arbitrarily used in the present process. 

[0019] If necessary, in the present process, the hydrogenated saccharide mixtures thus obtained can be treated with 
conventional filtration, centrifugation, decoloration, desalting, and/or concentration, and fed to column chromatography, 
followed by collecting the eluted fractions rich in trehalose and/or sugar alcohols. Examples of resins for separation to 
be packed in columns in the above column chromatography are those belonging to strong-acid cation exchange resins; 

is any types of resins in an alkali metal- and alkaline-earth-metal-form can be arbitrarily used. Particularly, alkaline-earth- 
metal resins, that are composed of, as base materials, styrene/divinylbenzene polymers with a cross-linking of 2-8%, 
effectively separate trehalose and sugar alcohols. The cross-linking can be expressed by the percentage by weight of 
divinylbenzene to the total monomers in the material mixtures used for preparing the base materials. Any conventional 
batch-wise, pseudo-moving, and mono- and multi-column chromatographies can be used in the present invention. 

20 [0020] The following are recommendable operation conditions used for applying batch-wise chromatography using 
strong-acid cation exchange resins which in the form of alkaline-earth metal, which comprise as a base material styrene/ 
divinylbenzene polymers with a cross-linking of 2-8% are as follows: Feed to a column a syrupy hydrogenated sac- 
charide mixture with a concentration of at least 30%, or preferably 40-75%, in a volume of 30 v/v % or lower, or preferably 
1-15 v/v % to the resin volume, and feed to the column water, as a moving bed, heated to a temperature comparable 

25 to the column temperature, at an SV (space velocity) of 0.01-1, or preferably an SV of 0.05-0.5, while keeping the 
column temperature at 50°C or higher, or preferably 60-90°C. The resin bed volume varies depending on the ingredients 
to be treated, and when required a daily output of about 10 tons, d.s.b., of hydrogenated saccharide mixtures as material 
saccharide solutions, it is preferably provided a column with a total gel bed-depth of at least about seven meters, or 
preferably 8-20 m, by injecting a resin to a column with a diameter of 3.5-5.5 m and cascading the plural number of 

30 such a column, if necessary. The best operation conditions used for column chromatography which employs other 
types of resins and operation modes can be set based on preliminary experiments conducted while examining the 
above conditions, and the contents of trehalose and/or sugar alcohols after analyzing the saccharide composition of 
each eluted fraction are determined by conventional methods such as thin-layer chromatography, gas chromatography, 
etc. 

35 [0021] Fractions rich in trehalose and/or sugar alcohols are separatory collected from fractions eluted in the above 
column chromatography. Depending on uses, fractions to be collected can be chosen from among those with the 
desired ingredients in a higher level than the material saccharide solutions by analyzing the saccharide composition 
of all or each of eluted fractions, which are appropriately separated, to determine the content of the desired ingredients. 
In the chromatography, a fraction rich in trehalose is first eluted, and then a fraction rich in sugar alcohols is eluted. 

40 Fractions to be collected should be those rich in the objective ingredients, and particularly those with trehalose having 
a purity of at least 90%, can be advantageously used to obtain a relatively-high purity trehalose. If necessary, the 
resulting fractions can be treated with conventional filtration, centrifugation, decoloration, desalting, concentration, 
crystallization, separation, drying, pulverizing, and/or cutting to obtain the desired trehalose. 
[0022] As described above, the present process facilitates an industrial-scale production of trehalose with a relatively- 

45 high purity trehalose, and more preferably with a purity of at least 90%, from hydrogenated saccharide mixtures con- 
taining trehalose and sugar alcohols. Application of the present process to hydrogenated saccharide mixtures, which 
are obtainable by crystallizing trehalose from saccharide mixtures containing trehalose and maltose and subjecting to 
hydrogenation reaction molasses remaining after the removal of the formed trehalose crystals, will also result in an 
increment of the yield of trehalose. Thus, the present process is extremely useful as a method for producing trehalose 

50 from hydrogenated saccharide mixtures obtained by hydrogenating saccharide mixtures produced by contacting mal- 
tose with a maltose/trehalose converting enzyme. The above process which further contains a step of hydrogenation 
reaction according to the present invention is extremely useful as a method for producing trehalose from saccharide 
mixtures produced by contacting maltose with a maltose/trehalose converting enzyme, 

[0023] The high-purity trehalose thus obtained exhibits substantially no reducibility and has a mild sweetness, and 
55 therefore it can be widely used intact or in the form of a composition as a sweetener, sweetness-improving agent, 
stabilizer, excipient, adjuvant, and filler. Such a trehalose in the above can be arbitrarily used in the fields of food, 
beverage, cosmetic, and pharmaceutical industries as disclosed, for example, in Japanese Patent Kokai Nos. 
319,486/94, 213,283/95, 298,880/95, 66,187/96, 336,388/96, and 9,986/97, which are the applications of the same 
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applicant as the present invention. 

[0024] When the fractions collected from column chromatography are those rich in sugar alcohols, relatively-high 
purity non-reducing sugar alcohols such as sorbitol, maltitol, and maltotriitol can be easily obtained. More particularly, 
fractions with at least 90% maltitol, d.s.b., as sugar-alcohol rich fractions can be advantageously used to obtain a high- 
purity maltitol. The desired sugar alcohols can be produced by treating the resulting fractions with conventional treat- 
ments of filtration, centrifugation, decoloration, desalting, concentration, crystallization; separation, drying, pulveriza- 
tion, and/or cutting. The sugar alcohols thus obtained can be arbitrarily used as low-caloric sweeteners and low-dental- 
caries-inducing sweeteners. As disclosed, for example, in Japanese Patent Kokoku Nos. 13,699/72 and 26,817/92, 
sugar alcohols can be used in the fields of food, beverage, cosmetic, and pharmaceutical industries. 
[0025] The present invention provides a method for separating trehalose and sugar alcohols from hydrogenated 
saccharide mixtures containing trehalose and sugar alcohols selected from sorbitol, maltitol, and maltotriitol. The 
present separation method is characterized in that it comprises fractionating hydrogenated sugar alcohols containing 
trehalose and sugar alcohols by column chromatography using strong-acid cation exchange resins in a manner such 
that fractions rich in trehalose and those rich in sugar alcohols are eluted from a column in this order. In the present 
separation method, any hydrogenated saccharide mixture can be used in the present invention as long as it contains 
trehalose and sugar alcohols such as sorbitol, maltitol, and maltotriitol independently of preparation method for and 
saccharide composition of the hydrogenated mixture. In particular, the aforesaid hydrogenated saccharide mixtures 
used in the present process can be satisfactorily used in the present separation method. Whenever used strong-acid 
cation exchange resins, any type of column chromatography can be used in the present invention. Particularly, the 
above column chromatography used in the present process can be advantageously used in the present separation 
method. 

[0026] The present separation method can be advantageously used as a method for easily and quantitatively ana- 
lyzing the content of trehalose in saccharide mixtures containing trehalose and reducing saccharides selected from 
glucose, maltose, and maltotriose; For example, by using conventional methods such as high-performance liquid chro- 
matography as a column chromatography using strong-acid cation exchange resins, the saccharide mixtures are hy- 
drogenated into hydrogenated saccharide mixtures, and then subjected to the present separation method, resulting in 
a quantitative detection of the trehalose in the saccharide mixtures with extreme-easiness. Thus, the present separation 
method is advantageously used in quality control for products containing trehalose and maltose, and is also used in 
the step control in which products containing trehalose and maltose are formed. 
[0027] The following preferred examples explain the present invention in detail: 



Example 1 

[0028] Ten parts by weight of "MALTOSE H", a maltose product with a purity of 94.0%, commercialized by Hayash- 

35 jbara Biochemical Laboratories Inc., Okayama, Japan, was dissolved in 40 parts by weight of water, and the solution 
was adjusted to a temperature of 15°C and a pH of 7.0, admixed with two units/g maltose, d.s.b., of a maitose/trehalose 
converting enzyme derived from Pimelobactersp. R48, FERM BP-4315, as disclosed in Japanese Patent Kokai No. 
1 70,977/95 applied by the same applicant as the present invention, enzymatically reacted for 48 hours, and heated at 
100°C for 10 min to inactivate the remaining enzyme. The reaction mixture was in a conventional manner decolored 

^0 with an activated charcoal and desalted for purification using ion-exchangers in H- and OH-form, and concentrated 
into an about 50%, syrupy saccharide mixture containing trehalose and maltose. According to the method as disclosed 
in Japanese Patent Kokai No. 170,977/95 applied by the same applicant as the present invention, the saccharide 
mixture was trimethylsilylated and analyzed on gas chromatography using a column packed with two percent of "SIL- 
ICONE OV-17/CHROMOSORB W" commercialized by GL Sciences Inc., Tokyo, Japan (hereinafter abbreviated as 

45 "GLC"), revealing that the mixture contained about 65% trehalose, and about 26% maltose, as well as containing small 
amounts of glucose and maltotriose. A portion of the saccharide mixture was provided for the later described analysis, 
and the remaining mixture was placed in an autoclave, admixed with about 10% Raney nickel, d.s.b., heated to 
90-1 20°C under stirring conditions, and subjected to hydrogenation reaction by increasing the hydrogen pressure to 
1960000-11800000 Pa (20-120 kg/cm 2 ). Thereafter, the Raney nickel was removed from the reaction mixture, and the 

50 remaining mixture was decolored and desalted for purification and adjusted to give a concentration of about 50%, to 
obtain a syrupy hydrogenated saccharide mixture. 

[0029] Both the hydrogenated saccharide mixture thus obtained and the above portion of the saccharide mixture, 
which contains trehalose, maltose, glucose, and maltotriose, were respectively diluted to give a concentration of about 
two percent, followed by analyzing the dilutions on high-performance liquid chromatography (hereinafter abbreviated 
55 as "HPLC") using and under the conditions of: "CCPD SYSTEM", an apparatus for HPLC commercialized by Tosoh 
Corporation, Tokyo, Japan; a column for analysis packed with "MCI GEL CK08EC, Ca ++ -form", a cross-linking of 8%, 
a column size of 8.0 mm in diameter and 300 mm in length, commercialized by Mitsubishi Chemical Industries Ltd., 
Tokyo, Japan; a flow rate of 0.6 ml/min as a water for moving phase; and a differential refractometer as a detector. The 
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analytical results of the saccharide mixture and the hydrogenated saccharide mixture are respectively shown in FIGs. 
1 and 2. 

[0030] As evident from FIG. 1 , it was found that trehalose and maltose in the saccharide mixture were hardly sepa- 
rated, and as evident from FIG. 2, it was also found that trehalose, contained in the hydrogenated saccharide mixture, 
was easily separated from maltitol as well as sorbitol and maltotriitol. Based on the result in FIG. 2, it was revealed the 
present separation method using HPLC easily and quantitatively detects trehalose. The saccharide composition de- 
termined from the result is in Table 1 . 



Table 1 



Component 


Retention time (min) 


Percentage (%) 


Trehalose 


10.2 


65.4 


Maltotriitol 


11.4 


5.3 


Maltitol 


14.4 


25.5 


Sorbitol 


23.4 


3.8 



[0031] The hydrogenated saccharide mixture obtained in the above was fed to column chromatography using "50W 
X4, Ca ++ -form", a strong-acid alkaline-earth metal cation exchange resin with a cross-linking of 4%, commercialized 
by The Dow Chemical Co., Midland, Michigan, USA; The resin was packed in four jacketed-stainless-steel columns 
with three centimeters in diameter, and these columns were cascaded in series to give a total gel-bed depth of about 
four meters. The columns were fed with a hydrogenated saccharide mixture in a volume of 5 v/v % to the resin by 
volume while the inner column temperature was kept at 80°C, and fed with hot water heated to 80°C at SV 0.15. In 
the order of elution, fractions with a trehalose content of at least 90%, were first collected, and then the successively- 
eluted fractions containing maltotriitol, maltitol, and sorbitol were removed. The yield of solid contents in this step was 
about 50%, d.s.b. 

[0032] The fraction rich in trehalose was purified using ion-exchanges in H- and OH-form and concentrated to give 
a concentration of about 76%, and in a conventional manner the concentrate was placed in a crystallizer and admixed 
by stirring with an about one percent, d.s.b., of crystalline trehalose hydrate to crystallize trehalose. The resulting 
massecuite was separated, followed by washing the resulting crystals by spraying a small amount of water to obtain 
crystalline trehalose hydrate. The yield of trehalose from the trehalose-rich fraction obtained in column chromatography 
was about 70%, d.s.b. HPLC analysis using the above column packed with "MCI GEL CK08EC, Ca* + -form" revealed 
that the product had a trehalose purity of 99.2%. Since the product shows substantially no reducibility and has a mild 
sweetness, it can be arbitrarily used in food products, cosmetics, and pharmaceuticals as a taste-improving agent, 
stabilizer, filler, excipient, adjuvant, and diluent. 



Example 2 



[0033] In accordance with the method in Example 1, 10 parts by weight of "MALTOSE HHH", a maltose product with 
a purity of 99.5%, commercialized by Hayashibara Biochemical Laboratories, Inc., Okayama, Japan, as a material, 
was enzymatically reacted with a maltose/trehalose converting enzyme derived from Pimelobacter sp. R48, FERM 
BP-4315. The reaction mixture was purified by decoloring with an activated charcoal and desalting with ion-exchange 
resins in H- and OH-form, and concentrated to give a concentration of about 78%. Thus a syrupy saccharide mixture 
was obtained, then placed in a crystallizer, and in accordance with a method in Example 1 crystalline trehalose hydrate 
was crystallized to obtain a massecuite which was then separated into an about three parts by weight of crystalline 
trehalose hydrate with a purity of about 99.8%. The syrup formed as molasses after the separation was adjusted to 
give a concentration of about 50%, and the concentrate was subjected to hydrogenation reaction in accordance with 
the method in Example 1 and further purified to obtain a syrupy hydrogenated saccharide mixture. HPLC analysis 
using the above column packed with "MCI GEL CK08EC, Ca ++ -form" revealed that the mixture had about 67% tre- 
halose, about 29% maltitol, and a small amount of sorbitol. 

[0034] The hydrogenated saccharide mixture was subjected to column chromatography using XG6000, Ca ++ -form, 
a cross-linking of 6%", an alkaline-earth metal strong-acid cation exchange resin commercialized by Japan Organo 
Co., Ltd., Tokyo, Japan; Four jacketed-stainless steel columns, with an inner diameter of 5.4 cm, were packed with the 
resin and cascaded in series to give a total column gel-bed depth of 20 m. The above hydrogenated saccharide mixture 
was fed to the columns in a volume of 5 v/v % to the resin by volume, followed by feeding as a moving phase water 
heated to 80°C at SV 0.15 and successively collecting a trehalose-rich fraction with a trehalose content of at least 
90%, and a maltitol-rich fraction with a maltitol content of at least 90%. The yields of solid contents in these fractions, 
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collected from the material hydrogenated saccharide mixture, were respectively about 55% and about 18%, d.s.b. 
[0035] The trehalose-rich fraction thus obtained was purified by desalting using ion-exchange resins in H- and OH- 
form and concentrated to give a concentration of about 83%. The concentrate was admixed with about two percent of 
crystalline trehalose hydrate as a seed to crystallize trehalose under stirring conditions, and the crystals were trans- 

5 ferred to an aluminum container, and aged at ambient temperature to form a block. The resulting block was cut, pul- 
verized, and dried in vacuo to obtain a powdery crystalline trehalose hydrate. The yield of solid contents in the step 
was about 94%, d.s.b. The product had a trehalose purity of about 94%. Since the product shows substantially no 
reducibility and has a mild sweetness, it can be arbitrarily used in food products, cosmetics, and pharmaceuticals as 
a sweetener, taste-improving agent, stabilizer, filler, excipient, adjuvant, and diluent. 

10 [0036] In accordance with the method used for treating the above trehalose-rich fraction, a crystalline powder with 
a maltitol purity of about 93%, was obtained from the above maltitol-rich fraction except that the maltitol-rich fraction 
was previously concentrated to give a concentration of about 90%. The yield of solid contents in the step was about 
90%, d.s.b. The product shows substantially no reducibility and has a sharpened sweetness. Furthermore, since the 
product has a relatively-low calorific value and a relatively-low-dental-caries-inducibility, it can be advantageously used 

15 in food products, cosmetics, and pharmaceuticals. 

Example 3 

[0037] To a 15% starch suspension (pH 5.5) was added two units per g starch, d.s.b., of "SPITASE HS", an cc- 
20 amylase specimen commercialized by Nagase Biochemicals, Ltd., Kyoto, Japan, then the suspension was heated to 
gelatinize and liquefy the contents under stirring conditions, followed by autoclaving the resulting mixture at 120°C for 
20 min and adjusted to give a temperature of 50°C. and a pH of 5.0. The mixture thus obtained was mixed with 500 
units/g starch, d.s.b., of an isoamylase specimen commercialized by Hayashibara Biochemical Laboratories, Inc., 
Okayama, Japan, and 20 units/g starch, d.s.b., of a P-amylase specimen commercialized by Nagase Biochemicals, 
25 Ltd., Kyoto, Japan, and enzymatically reacted for 24 hours. The reaction mixture contained about 92% maltose, d.s. 
b. The mixture was heated at 100°C for 20 min, adjusted to a temperature of 50°C and a pH of 7.0, and admixed with 
1.5 units/g dry solids of a maltose/trehalose converting enzyme derived from Thermus aquaticus, ATCC 33923, as 
disclosed in Japanese Patent Kokai No. 170,977/95, and enzymatically reacted for 72 hours. 
[0038] The reaction mixture was incubated at 95°C for 10 min and cooled, and in a conventional manner the resulting 
30 mixture was purified by decoloring using an activated charcoal and by desalting using ion-exchange resins in H- and 
OH-form, and concentrated to give a concentration of about 50%. Thus a syrupy saccharide mixture containing treha- 
lose and maltose was obtained. GLC analysis described in Example 1 revealed that the saccharide mixture contained 
about 64% trehalose, about 25% maltose, and small amounts of glucose and maltotriose. 

[0039] The above saccharide mixture was placed in an autoclave, admixed with 10% Raney nickel, d.s.b., and heated 

35 to 90-1 20°C, and hydrogenated by increasing the hydrogen pressure to 1960000-11800000 Pa (20-120 kg/cm 2 ) under 
stirring conditions, followed by removing the Raney nickel and purifying the mixture by decoloring and desalting in a 
conventional manner. The purified solution was concentrated into an about 50% syrupy hydrogenated mixture, d.s.b. 
HPLC analysis described in Example 1 revealed that the hydrogenated saccharide mixture was contained about 64% 
trehalose, about 25% maltitol, and small amounts of other sugar alcohols such as sorbitol and maltotriitol. 

40 [0040] The hydrogenated saccharide mixture was subjected to column chromatography using "CG6000, Ca ++ -form, 
a cross-linking of 6%", an alkaline-earth metal strong-acid cation exchange resin commercialized by Japan Organo 
Co., Ltd., Tokyo, Japan; Four jacketed-stainless steel columns, with an inner diameter of 5.4 cm, were packed with the 
resin and cascaded in series to give a total column gel-bed depth of 20 m. The above hydrogenated saccharide mixture 
was fed to the columns in a volume of 5 v/v % to the resin by volume, followed by feeding as a moving phase water 

45 heated to 80°C at SV 0.15 and successively collecting a trehalose-rich fraction with a trehalose content of at least 
90%, and a maltitol-rich fraction with a maltitol content of at least 90%. The yields of solid contents in these fractions, 
collected from the material hydrogenated saccharide mixture, were respectively about 50% and about 15%, d.s.b. 
[0041] The trehalose-rich fraction thus obtained was purified by desalting using ion-exchange resins in H- and OH- 
form and concentrated to give a concentration of about 70%. The concentrate was admixed with about two percent, 

50 d.s.b., of crystalline trehalose hydrate as a seed to crystallize trehalose to obtain a massecuite with a crystallinity of 
about 45%. The massecuite was subjected to spray drying in a manner such that it was sprayed at a high-pressure of 
14700000 Pa (150 kg/cm 2 from a nozzle equipped on the top of a spray dryer while air heated to 85°C was allowed 
to blow to the contents from the upper part of the spray dryer, and collected over a wire-netting transfer conveyer 
equipped on the lower part of the spray dryer, followed by collecting crystalline powder collected on the conveyer while 

55 the contents were gradually being put out from the ageing tower and being blown by air heated to 45°C. The crystals 
thus obtained were injected to an ageing tower and aged therein for 10 hours while hot air was ventilating to obtain a 
powdery crystalline trehalose hydrate. The yield of solid contents in the step was about 90%, d.s.b. Since the product 
has a trehalose purity of about 95%, an insubstantial reducibility, and a mild taste, it can be arbitrarily used in food 
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products, cosmetics, and pharmaceuticals as a sweetener, taste-improving agent, stabilizer, filler, excipient, adjuvant, 
and diluent. 

[0042] The maltitol-rich fraction obtained in the above was treated in accordance with the above method for treating 
the trehalose-rich fraction to obtain a crystalline powder with a maltitol purity of about 93%, except that the maltitol- 
5 rich fraction was previously concentrated to give a concentration of about 80%. The yield of solid contents in the step 
was about 85%, d.s.b. Since the product shows substantially no reducibility, a sharpened sweetness, and a relatively- 
low-dental-caries-inducibility, it can be arbitrarily used in food products, cosmetics, and pharmaceuticals. 

Example 4 

10 

[0043] According to the method in Example 3, an about 50% hydrogenated saccharide mixture containing about 
64% trehalose was obtained, and then fed to a pseudo-moving bed column chromatography using "CG6000, Ca ++ - 
form, a cross-linking of 6%", an alkaline-earth metal strong-acid cation exchange resin commercialized by Japan 
Organo Co., Ltd., Tokyo, Japan; A pseudo-moving bed column chromatograph, wherein the on/off of valves for the 

15 inlets and outlets as mentioned below was computerized, was provided by cascading 10 jacketed-stainless-steel- 
columns with a diameter of 13 cm and a length of 1 .6 m each, providing inlets for feeding a material saccharide and a 
moving phase on the upper part of each column, and providing outlets for collecting a trehalose-rich fraction and a 
sugar alcohol-rich fraction on the lower part of each column. The column chromatography was operated under the 
conditions of that the inner column temperature was kept at 80°C, the feeding rate of the above hydrogenated sac- 

20 charide mixture as the material saccharide was set to 6.8 €/hr, the feeding rate of the water as the moving phase was 
set to 20 €/hr, and the recovering rate for the trehalose-rich fraction was set to 16 €/hr. The columns were respectively 
switched at a time interval of 21 min. The pseudo-moving bed column chromatography yielded a trehalose-rich fraction 
containing at least 90% trehalose, d.s.b., and a sugar alcohol-rich fraction containing at least 90% sugar alcohols 
comprising sorbitol, maltitol, and maltotriitol, d.s.b. The yields of solid contents in these fractions from the hydrogenated 

25 saccharide mixture were respectively about 55% and about 18%, d.s.b. Similarly as in Example 3, the trehalose-rich 
fraction was crystallized and spray-dried into a powdery crystalline trehalose hydrate. Since the product contains about 
95% trehalose and shows substantially no reducibility, and a mild sweetness, it can be arbitrarily used in food products, 
cosmetics, and pharmaceuticals as a sweetener, taste-improving agent, stabilizer, filler, excipient, adjuvant, and diluent. 
The sugar alcohol-rich fraction thus obtained was in a conventional manner purified by desalting and concentrated to 

30 give a concentration of about 70%, resulting in a syrup rich in sugar alcohols. Since the product shows substantially 
no reducibility, a sharpened sweetness, a relatively-low calorific value, and a relatively-low dental-caries-inducibility, it 
can be arbitrarily used in food products, cosmetics, and pharmaceuticals. 

[0044] As described above, the present invention was made based on a novel self-finding of that the separation of 
trehalose from saccharide mixtures containing trehalose and reducing saccharides such as maltose, which has been 

35 deemed impossible, is easily attained by applying column chromatography using strong-acid cation exchange resins 
to hydrogenated saccharide mixtures, which contain trehalose and sugar alcohols such as maltitol, obtained by hydro- 
genating the saccharide mixtures containing the reducing saccharides. The present inventors established the present 
process for producing trehalose and/or sugar alcohols, which comprises the steps of feeding hydrogenated saccharide 
mixtures containing trehalose and sugar alcohols selected from the group consisting of sorbitol, maltitol, and maltotriitol 

40 to column chromatography using strong-acid cation exchange resins; eluting a trehalose-rich fraction and a sugar 
alcohol-rich fraction in this order; and collecting the trehalose-rich and/or sugar alcohol-rich fractions. When applied 
to hydrogenated saccharide mixtures obtained by hydrogenating saccharide mixtures containing trehalose and reduc- 
ing saccharides such as glucose, maltose, and maltotriose, the present process strongly facilitates an industrial pro- 
duction of trehalose and/or sugar alcohols from the hydrogenated saccharide mixtures. The process according to the 

45 present invention, which further contains a step of hydrogenating saccharide mixtures containing trehalose and reduc- 
ing saccharides including maltose, extremely facilitates an industrial production of trehalose and/sugar alcohols from 
the hydrogenated saccharide mixtures. 

[0045] The establishment of the present process explores a new way that easily provides trehalose as a non-reducing 
saccharide and sugar alcohols on an industrial scale. Thus it is unfathomable the influence of the present invention 
50 on the field of food products including sweeteners and on the fields of cosmetic and pharmaceutical industries, as well 
as those of agricultural-, fishery-, and animal-industries, and chemical industries. 



Claims 

55 

1, A process for producing trehalose and a sugar alcohol, which comprises the steps of: 

subjecting a hydrogenated saccharide mixture that contains trehalose and a sugar alcohol selected from the 
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group consisting of sorbitol, maltitol, and maltotriitol to column chromatography using a strong-acid cation 
exchange resin; and 

collecting a fraction rich in said trehalose and/or said sugar alcohol. 

2. The process of claim 1, wherein said hydrogenated saccharide mixture contains said trehalose and said sugar 
alcohol in respective amounts of 10-80 w/w % and 20-90 w/w %, 

3. The process of claim 1 or claim 2, wherein said strong-acid cation exchange resin is in an alkali metal form or an 
alkaline-earth metal form. 

4. The process of any preceding claim, wherein said strong-acid cation exchange resin is one which is made of a 
styrene/divinylbenzene polymer as a base material and which has a cross-linking of 2-8%. 

5. The process of any preceding claim, wherein said column chromatography is carried out by eluting the fraction 
rich in said trehalose and the fraction rich in said sugar alcohol in this order. 

6. The process of any preceding claim, which collects a fraction, as the fraction rich in said trehalose, that contains 
at least 90 w/w % trehalose, on a dry solid basis. 

7. The process of any preceding claim, which collects a fraction, as the fraction rich in said sugar alcohol, that contains 
at least 90 w/w % maltitol, on a dry solid basis. 

8. The process of any preceding claim, which further contains a step of hydrogenating a saccharide mixture containing 
trehalose and a reducing saccharide selected from the group consisting of glucose, maltose, and maltotriose, and 
which uses the resulting hydrogenated product as the hydrogenated saccharide mixture. 

9. The process of claim 8, wherein said saccharide mixture is one which is obtainable by contacting starch or maltose 
with one or more enzymes. 

10. The process of claim 9, wherein said enzymes are a non-reducing saccharide forming enzyme, trehalose-releasing 
enzyme, maltose/trehalose converting enzyme, and maltose- and trehalose-phosphorylases. 

11. The process of claim 9, wherein said saccharide mixture is one which is obtainable by contacting a saccharide 
containing at least maltose with a maltose/trehalose converting enzyme. 

12. A method for separating trehalose and a sugar alcohol, which comprises: 

subjecting a mixture of hydrogenated saccharides containing trehalose and a sugar alcohol selected from the 
group consisting of sorbitol, maltitol, and maltotriitol to column chromatography using a strong-acid cation 
exchange resin; and 

eluting a fraction rich in said trehalose and a fraction rich in said sugar alcohol in this order. 



Patentanspruche 

1. Verfahren zur Herstellung von Trehalose und einem Zuckeralkohol, bei dem man: 

eine hydrierte Saccharidmischung, die Trehalose und einen aus der aus Sorbit, Maltit und Maltotriit bestehen- 
den Gruppe ausgewahlten Zuckeralkohol enthalt, einer Saulenchromatographie unter Verwendung eines stark 
sauren Kationenaustauscherharzes unterzieht und 

eine mit Trehalose und/oder Zuckeralkohol angereicherte Fraktion sammelt. 

2. Verfahren nach Anspruch 1 , wobei die hydrierte Saccharidmischung die Trehalose und den Zuckeralkohol in Men- 
gen von 10-80 Gew.-% bzw. 20-90 Gew.-% enthalt. 

3. Verfahren nach Anspruch 1 Oder 2, wobei das stark saure Kationenaustauscherharz in Alkaliform oder Erdalkali- 
form vorliegt. 
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4. Verfahren nach einem der vorhergehenden Anspruche, wobei es sich bei dem stark sauren Kationenaustauscher- 
harz um ein Harz handelt, das aus Styrol-Divinylbenzol-Polymer als Grundmaterial besteht und einen Querver- 
netzungsgrad von 2-8% hat. 

5 5. Verfahren nach einem der vorhergehenden Anspruche, wobei die Saulenchromatographie durch Eluieren der mit 
Trehalose angereicherten Fraktion und der mitZuckeralkohol angereicherten Fraktion in dieser Reihenfolge durch- 
gefuhrt wird. 

6. Verfahren nach einem der vorhergehenden Anspruche, bei dem als die mit Trehalose angereicherte Fraktion eine 
10 Fraktion gesammelt wird, die, als Trockengewicht, wenigstens 90 Gew.-% Trehalose enthalt. 

7. Verfahren nach einem der vorhergehenden Anspruche, bei dem als die mit Zuckeralkohol angereicherte Fraktion 
eine Fraktion gesammelt wird, die, als Trockengewicht, wenigstens 90 Gew.-% Maltit enthalt. 

15 8. Verfahren nach einem der vorhergehenden Anspruche, bei dem man weiterhin eine Trehalose und ein aus der 
aus Glucose, Maltose und Maltotriose bestehenden Gruppe ausgewahltes reduzierendes Saccharid enthaltende 
Saccharidmischung hydriert und das so erhaltene hydrierte Produkt als hydrierte Saccharidmischung verwendet. 

9. Verfahren nach Anspruch 8, wobei es sich bei der Saccharidmischung um eine Mischung handelt, die durch In- 
20 kontaktbringen von Starke Oder Maltose mit einem oder mehreren Enzymen erhaltlich ist. 

10. Verfahren nach Anspruch 9, wobei es sich bei den Enzymen um ein nicht reduzierendes, saccharidbildendes 
Enzym, um ein trehalosefreisetzendes Enzym, um ein Maltose/Trehalose-umwandelndes Enzym und um Maltose- 
und Trehalosephosphorylasen handelt. 

25 

11. Verfahren nach Anspruch 9, wobei es sich bei der Saccharidmischung um eine Mischung handelt, die durch In- 
kontaktbringen eines Saccharids, das wenigstens Maltose enthalt, mit einem Maltose/Trehalose-umwandelnden 
Enzym erhaltlich ist. 

30 12. Verfahren zur Trennung von Trehalose und einem Zuckeralkohol, bei dem man: 

eine Mischung hydrierter Saccharide, die Trehalose und einen aus der aus Sorbit, Maltit und Maltotriit beste- 
henden Gruppe ausgewahlten Zuckeralkohol enthalt, einer Saulenchromatographie unter Verwendung eines 
stark sauren Kationenaustauscherharzes unterzieht und 

35 

eine mit der Trehalose angereicherte Fraktion und eine mit dem Zuckeralkohol angereicherte Fraktion in dieser 
Reihenfolge eluiert. 



40 Revendications 

1. ProcedS pour la production de trehalose et d'un sucre-alcool, qui comprend les etapes consistant : 

a soumettre un melange de saccharides hydrog6n£s qui contient du trehalose et un sucre-alcool choisis dans 
45 le groupe consistant en sorbitol, maltitol et maltotriitol a une chromatographie sur colonne en utilisant une 

r6sine Schangeuse de cations du type acide fort ; et 
a recueillir une fraction riche en ledit trehalose et/ou ledit sucre-alcool. 

2. Procede suivant la revendication 1 , dans lequel ledit melange de saccharides hydrogenes contient ledit trehalose 
50 et ledit sucre-alcool en des quantites respectives de 10 a 80% en poids/poids et de 20 a 90% en poids/poids. 

3. Proc6d6 suivant la revendication 1 ou la revendication 2, dans lequel ladite resine 6changeuse de cations du type 
acide fort est sous une forme renfermant un metal alcalin ou sous une forme renfermant un m£tal alcalinoterreux. 

55 4. Proced£ suivant Tune quelconque des revendications pr£cedentes, dans lequel la r6sine Gchangeuse de cations 
du type acide fort est une rSsine qui est constitute d'un polymere styrene/divinylbenz6ne comme mature de base 
et qui a un degr£ de reticulation de 2 a 8%. 
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5. Proc6d6 suivant Tune quelconque des revendications pr6c§dentes, dans lequel ladite chromatographie sur colon- 
ne est effectuee en eluant la fraction riche en ledit trehalose et la fraction riche en ledit sucre-alcool dans cet ordre. 

6. Proc6d<§ suivant Tune quelconque des revendications precedentes, qui recueille une fraction, comme fraction riche 
5 en ledit trehalose, qui contient au moins 90% en poids/poids de trehalose, sur la base des matures solides seches. 

7. Procede suivant Tune quelconque des revendications precedentes, qui recueille une fraction, comme fraction riche 
en ledit sucre-alcool, qui contient au moins 90% en poids/poids de maltitol, sur la base des matures solides seches. 

10 8. Procede suivant Tune quelconque des revendications pr6c6dentes, qui comprend en outre une etape consistant 
a hydrogener un melange de saccharides contenant du trehalose et un saccharide reducteur choisi dans le groupe 
consistant en ie glucose, le maltose et le maltotriose, et qui utilise le produit hydrogen^ resultant comme melange 
de saccharides hydrogenSs. 

15 9. Proc6d6 suivant la revendication 8, dans lequel ledit melange de saccharides est un melange qui peut etre obtenu 
en mettant en contact de I'amidon ou du maltose avec une ou plusieurs enzymes. 

10. Procede suivant ia revendication 9, dans lequel lesdites enzymes consistent en une enzyme de formation de 
saccharides non r6ducteurs, une enzyme de liberation de trehalose, une enzyme de conversion de maltose/tr6- 

20 halose et des maltose- et trehalose-phosphorylases. 

1 1 . Proced§ suivant la revendication 9, dans lequel ledit melange de saccharides est un melange qui peut etre obtenu 
en mettant en contact un saccharide contenant au moins du maltose avec une enzyme de conversion de maltose/ 
trehalose. 



25 



40 



45 



12. Proced6 pour sSparer le trehalose et un sucre-alcool, qui comprend les 6tapes consistant : 



a soumettre un melange de saccharides hydrog6n6s contenant du trehalose et un sucre-alcool choisi dans 
le groupe consistant en sorbitol, maltitol et maltotriitol a une chromatographie sur colonne en utilisant une 
30 resine 6changeuse de cations du type acide fort ; et 

a eluer une fraction riche en ledit trehalose et une fraction riche en ledit sucre-alcool dans cet ordre. 



35 
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